
UNCLASSIFIED

AD NUMBER
AD002905

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential

LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors; specific
authority; 2 Jan 1953. Other requests
shall be referred to Office of Naval
Research, Arlington, VA 22217.

AUTHORITY
2 Jan 1965 per group-4, DoDD 5200.10, 26
Jul 1962; ONR ltr, 26 Oct 1977

THIS PAGE IS UNCLASSIFIED



Reproduced 6y

t irvicesl r vIcecShn"aI Infomainn U rcrr v,,,gencl
"J ME I SERVICE CENTER

IN 0 T •UILOING, DAYTON, 2, OHIO

LOWU
I . - __ _____

it .. ,, 
E N EI AL



~~J\

"I NAVY DEPARTMENT 
-

OFFICE OF NAVAL RESEARCHC

SA W A S H !N G T O N , 0 . C .

2 cnu;ory "953
Report No, 668
"•Q~rterly)
Copy No .

INVESTIGATION OF
LIQUID ROCKET
PROPELLANTS

Contract N7onr-462

Task Order No,. IW1

Project No. NR 220 023

I V V

'IIL ý :



CONFID N TIA L Report No. 668
2 Japuary 1953 (Quarterly)

SECURITY INFORMATION
INVEST IG TIUI' J10F

LIQLJID RCX3KET P-L0PLLANTS

Contract N~onr-162

Task Order III

Project NR 220 023

Written by:

S. C. Barket
T. B. Enzer
A. F. Graefe
J. F. Harkee
K. H. kZeller
E. M. W/ilson

Approved by:

No. of Pages: 47 S. B. IKilner
Assistant Senior Chemist
Solid Engine and

Period Covered: Chemical Division

1 September through 30 November 1952 Approved by:

D. L. Armstrong\,
Principal Chemist
Solid bigine and
Chernical Divis ion

This document contains information affecting the
national defense of the United States within the
meaning of the Espionage Laws, Title 18, U.S.C.,
Sections 793 and 794. The transmission or the
revelation of' its contents in any manner to an
unauthorized person is prohibited by law.

AEROJET GINER G CORPORAT1ICi

Azusa, California

CONFIDENTIAL



CONFIDENTIAL

S cURIy INFORM.ATOMW-AII - Report No. 668
CONTENTS

Page

Contract Fulfillment Statement iv

Initial Distribution v

I. INTRODUCTION 1

II. KINETIC STUDY OF THE TRIAAL DECOMPOSITION OF NITROL2THANE 1

III. DAMPRO UT OF DINITROXIN TlTROXIDE AS A R" KET %O.& E L;JL%.

IV. RESEARCH ON THE PREPARATION OF NUJ ROCIET PROPLIANTTS 9

V. STUDY OF HYDRAZINE FR.JEZfIG-POflNT DEPRESSANTS 13

V1. PERFORMANCE 3VALUTATION OF THIS t "HF-D 11 HYDROCAREOMN nIXTURE
WITH LIQUID OXYGEW_ 13

VII. IONITION DELAY STUDY OF TRIETHYL TRITHIOPHOSPHITE .j ITH

NITRIC ACMD 15

References - 16
Table

Thermal Decomposition of Nitromethane Assumed Rate Constants I

Decomposition Products of Nitromethane II

Comparison of Decomposition Products of Nitromethane (excluding water) II

Apparent Solvation Numbers of Additives to Dinitrogen Tetroxide
as Determined From Freezing-Point Lowering IV

Thermal Stability of Dinitrogen Tetroxide Solutions V

Exngine Sumwary Data Sheet (Series D-h4-LF, Test Numbers I through 6) VI

Figure
Typical Polarographic Analysis of Nitromethane 1

Polaroographic Calibration Curve for Nitromethane Analysis 2

Thermal Decomposition of Nitromethane 3

k('Ii
-•. Page ii

CONFIDENTIA L



SECURITY ) NFOPATfo q Report No. 668

CWTNTTS (cont)

Figure

Free~jilg-Point, Apparmtws 4

Freezing-Point Diagram for M~ixti-ires Of flinitrogen Tetroxide
and Nitromethane 5_________________________

Freezing-P~oira-Diagrain for Daixtulres of Dinitrogen Tetroxid~e
and Diethyl Cabonat~e ___________ 6

Freezing-Point Dliagrami for Mixtures of Dinitrogen Tetroxide
and. Diethyl Oxalate ______________________

F'reezirig-Paint Diagram for ilaxtures of Dinitrogen Tetroxide
and Diethyl Cellosolve_______________________ 8

Free-Zing..Point. Diagram for llixtures of Dinitroven Tetroxide,
and Tetranitromethante ______________________ 9

Flrelezing-Poi~nt Di.agram for Mixtures Of Diriitrogen Tetroxide
and Trinitromethane ______________ ________-10

Freezing-Point- Diagrsm for Mixtures of 1-ldrazine and Ethylene Lxarte i3l

100-1b-Thrm~t Propellant Tester ___________________ 12

Perfoxnance vs ibiixture Ratio for 1tHF-D" and Liquid- Oxygen ______ 13

CONHDENT31AJ



CONFIDENTIAL

Report No. 668

CONTRACT FJLFIhLI2J-T STAT ½XT

T.ýis is the thirty-first in a series of progress reports submitt-ed in
partial fulfillment of Contract N7onr-462, Task Order III, covering the 2b;ork
performed during the period from 1 September through 30 November 1952. The
previous reports in this series have been issued at bimonthly intervals, tiis
being the fi•st to cover a quarterly ?eriod.

Page iv

CONFIDENTIAL



CONFIDENITI, AL

Report No. 668

IN ITIAL DISTRIHJTION

No. of
Copies

Chief of Naval Research
Department of the Navy
Washington 25, D. C.
Attn: Code 429 3

Chief of Naval Research
Department of the Navy
Washington 25, D. C.
Attn: Code 425 1

Chief of Naval Research
Science and Technology Project
Library of Congress
'.ashington 25, D. C.
Attn. W. J. N. Heald 10

Director
Office of Naval Research Tranch Office
1030 E. Green Street
Pasadena 1, California 2

BRreau of Aeronautics Representative
Pasadena
c/o Aerojet Engineering Corporation
6352 N. Inzindale
Azusa, California 2

Committee on Guided Missiles
Research and Development Board
Room 3D-125, The Pentagon
Wiashington 25, D. C. 1

Chief of Staff
U. S. Air Force
The Pentagon
,fashington 2_5, D. C.
Attn: DCS/D, AFDIRD-AC-3 1

Chief, Bureau of Aeronautics
Department of the Navy
.,aslhiidgton 25, D. C.
Attn: TD-4 4

SI-5 2

Page v

CONFIDENTIAL



CONFIDENTIAL

Report Nn. 668

INITIAL DISTRIBUTION (cont.)

No. of
Copies

Chief, Bureau of Ordnance
Department of the Navy
'vashington 25, D. C.
Attn: Re9 2

Re2d 2
Re6 1

Commanding General
Arnold Engineering Development Center
Tullahoma, Tennessee
Attn: Deputy Chief of Staff, R and D 1

Chief, BTreau of Ships
Department of the Navy
aashington 25, D. C.
Attn: Code 533 2

Committee on Fuels and Lubricants
Research and Development Board
The Pentagon
;(ashington 25, D. C. 1

Commanding General
Air Research and Development Command
5 West Baltimore Strcet
Baltimore, Maryland
Attn: Chief G. M. Division

Directorage of Operations 1

Flight Research Laboratory
"iright Air Development Center
Vlright Patterson Air Force Base
Dayton, Ohio 1

Power Plant Laboratory
,ritt Air Development Center

Wiright Patterson Air Force Base
Dayton, Ohio
Attn: 4ICNEF-4 2

Chief, Guided Missiles Branch
Technical Commdand
Army Chemical Center, Maryland 1

Pagre vi

CONFIDENTIAL



CONFIDENTIAL

Report No. 668

INITIAL DISTRIIJTION (cont.)

No. of
Copijes

Commanding Ufficer
Naval Air Rocket Test Station
Dover, New Jersey 2

Central Intelligence Agency
2430 "EI Street NW
.'ashinston 25, D. C.
Attn: Liaison Division, OOD I

Commander
U. S. Naval Ordnance Test Station
Inyokern
P. 0. China Lake, California
Attn: Reports Unit 4

Commwander
U. S. Naval Air Missile Test Center
Point ibagu, California 2

Commanding Officer
1orris Dam Project
NOTS - UOD
1030 E. Green Street
Pasadena, California 1

Director
National Advisory Committee for Aeronautics
1724 "F" Street NW
liashington 25, D. C.
Attn: .r. C. H. Helms 2

Director
Naval Research Laboratory
;!ashington 25, D. C.
Attn: Code 2021 2

Department of the Army
Office, Chief of Ordnance
liashington 25, D. C.
Attn: ORDTU 2

Commander
Naval Urdnance Laboratory
Uhite Oak
Silver Spring, Maryland
Attn: The Library, Room 1-333 1

Page vii

CONFIDE NTIAL



CON FIDEN TIAL

Report No. 66.8

INITIAL DISTRIRJTION (cont.)
No, of'
Copies

Chief of Naval Operations
Department of the Navy
dashdngton 2, D. C.
Attn: OP-51 1

U. S. Naval LEngineering Experiment Station
Annapolis, Maryland 1

Director, National Buireau of Standards
18 Dynanometer Laboratory
dashington 25, D. C.
Attn: Dr. E,. F. Fiock 1

Department of the Interior
Bureau of Uines
Central Experiment Station
h4JO Forbes Street
Pittsburgh 13, Pennsylvania 1

.Commanding Officer
Redstone Arsenal
Huntsville, Alabama
Attn: ORC, 'Technical Library 2

Comm anding Officer
Office of Ordnance Research
21,27 kb.rrtle Drive
Duke Station
Durham, North Carolina 2

Superintendent
U. S. Naval Postgraduate School
iLonterey, California 1

Chief, Research and Engineering Division
Office, Chief of Chemical Corps
Army Chemical Center, Aaryland 1

Cowmranding General
White Saids Proving Ground
Las Cruces, New Mexico 2

Classified Technical Library
Atomic Energy Couinission
1901 Constitution Avenue
Viashington 25, D. C. 1

Pa-e viii

CO NFI D E NT IAL



CONFIDENTIAL

Report No. 668

INITIAL DISTRIBJTIOM (cont..)
No. of
Cppes

Director
Office of Naval Research Branch Office
150 Causeway Street
Boston, tiassachusetts 1

Director
Office of Naval Research Branch Office
8hW North Runh Street
Chicago 11, Illinois 1

Director
Office of Naval Research Branch Office
346 Broacdmay
New York 13, New York 1

Officer in Charge
Office of Naval Research
Navy No. 100
Fleet Post Office
New York, New York 1

Director
Office of Naval Research Branch Office
1000 Geary Street
San Francisco 9, California 1

Applied Physics Laboratory
Johns Hopkins University
Silver Spring, Ilaryland
Attnil: r. Arthur Norris 1

Bell Aircraft Corp.
Niagara Falls, New York
Attn: Mr. Leslie M. (Lass, Librarian 1

Rand Corporation
1500 Fourth Street
Santa tionica, California 1

General Electric Co.
Project HERLIS
Schenectady, New York
Attn: hr. K. C. B~uer 1

California Institute of Technology
Jet Propulsion Laboratory
Pasadena, California 2

Page ix

CONFIDENTIAL



CONFIDENTIAL

Report No. 668

INITIAL DISTRIBUTION (cont.)" ~No. of
Copies

Massachusetts Institute of Technology
Project ifSjT:OR
Cambridge 39, Massachusetts
Attn: Guided Iissiles Library 2

Hassachusetts Institute of Technology
Cambridge 39, 1Massachasetts
Attn: Dr. C. N. Satterfield 1

University of Michigan
Aeronautics Research Center
Jillow Run Airport
Ypsilanti, ;,iichigan
Attn: It. L. R. Biasell 1

North American Aviation, Inc.
12214 Lakewood Blvd.
Downey, California
Attn: Aerophysics Library 1

United Aircraft Corp.
Research Department
East Hartford 8, Conn.
Attn: Mr. Robert C. Sale 1

Project SQUID
Princeton University
Princeton, New Jersey

Battelle ;iemorial Institute
505 King KAenue
Columbus I, Ohio
Attn: Dr. B. D. Thomas 1

Experiment, Incorporated
Richmond, Virginia
Attn: Dr. J. 'J. ýllen II 1

M. Id. Kellogg Co.
Foot of Danforth Avenue
Jersey City 3, New Jersey
Attn: 14r. Samuel Baig

Ohio State University
Research Foundation
Columbus 10, Ohio
Attn: Dr. H. L. Johnston 1

Page x

CONFIDENTIAL



CONFIDENTIAL

Report No. 668

ThITAL DISTRIBUTION (cont.)
NLI. of
Copies

Pardue University
Lafayette, Lndiana
Attn: Dr. E. J. Zucrow 1

Reaction Miotors, Inc.
Stickle Avenue and Elm Street
Rockaway, New Jersey
Attn: Hr. L. P. Heath

Curtis s-%liright Corp.
Propeller Division
Cald-ell, New Jersey
Attn: i, C. W. Chillson 1

Forrestal Research Center
Princeton University
Princeton, Nme Jersey
Attn: Dr. G. C. Akerlof 1

idetalectro Corporation
2900 Kenilwrbth Avenue
mladensburg, Maryland
Attn: Dr. Hans Osborg 1

Wyandotte Chemical Corp.
Yyandotto, Ktchigan I

Phillips Petroleum Co.
Bartlesville, Oklahoma
Attn: ic. J. F. Arnold 1

Standard Oil Development Co.
2SO Laboratories Process Div.
P. 0. Box 121
Linden, New Jersey
Attn: Dr. J. P. Longwrell 1

Standard Oil Company of Indiana
I,.hiting, Indiana

Attn: Research Department

Hefco Laboratories
20120 Sherwood Avenue
Detroit 34, Michigan
Attn: Dr. J. A. Hannum 1

Fage xi

CONFIDENTIAL



CONFIDENTIAL

Report No. 668

IN ITIAL DISTRIBUT IO (cont.)_
No. of

New York University
University HIeights
New York 53, New York
Attn: Dr. John Happel, Chairman

Dept. of Chemical Engineering 1

Shell Development Company
Emeryville, California 1

California Research Corp.
Richmond, California 1

Callery Chemical Company
Calle ry, Pennsylvania 1

Illinois institute of Technology

Chicago 16, -Illinois
Attn: Dr. MJartin Kilpatrick 1

Page xii

CONFI1 D ENT IAL



CONFIDENTIAL

Report No. 668

I, 1NTRODUCTIC2N

A. In February 1948, Contract N7onr-462, Task Order !II, was established
for the purpose of conducting a comprehensive investigation of liquid propel-
lants suitable for use in rocket motors. Although emphasis has Generally been
placed on propellant systems possessing high specific impulses, it has often
been found desirable to extend the scope of this study to include the short-
term investigation of problems arising with any fuel or oxidizer. Pilot plants
have been designed and constructed for the manufacture of propellants not
commercially available, and these materials have, in turn, been evaluated in
a small rocket motor.

B. Results of the investigations have been reported in a series of
bimonthly reports, an annual summary being issued at the end of each oalendar
year. Reports will be issued at quarterly intervals beginning, with this report,
and no annual summary reports will be prepared henceforth.

C. Of continuing interest to this contract is the development of a
high-energy fuel possessing a freezing point below -65 F and without excessive
vapor pressure at ambient temperatures. Thus, during the period covered by this
report, investigations were made on the synthesis of a new compound, N-amino-
ethylenimine, and a stutr of hydrazine additives was continued. Because of the
need for an oxidizer capable of being stored in sealed tanks, research is being
conducted on improving the physical properties of dinitro-en tetroxide; work
has tha. far been restricted to determining the effect of several functional
groups on the degree of deviation from ideal freezing-point depression. Mono-
propellant studies on this contract consist of investigations into the kinetics
of decomposition of nitromethane at high pressures. A mass spectrometer and a
polarograph are used to determine the extent and manner of decomposition of
nitromethane samples placed in a furnace at various initial pressures. * Mtor
testing during this period consisted of a short performance evaluation of
"1F-D" hydrocarbon mixture with liquid oxygen, and preliminary work on the
determination of the ignition delay of triethyl trithiophosphite with specially
prepared 5ThNA at three different temperatures.

II. KhZETIC STUDY OF TIE TIMUZIL DECOMPOSITION OF NIrVROiITJIANE

A. DITRODUCTION

In view of the importance of nitromethane as a monopropellant, an
investigation is being made into the ieehwiism of iLs Uhezwial deco.Apositioa.
Several earlier investigations of this problem have been ,iade at subatmospheric
pressures; however, this program is being carried out at nitrometlane pressures
11p to 365 psia, in an attempt to simulate more closely the conditions in a
rocket combustion chamber. In the earlier work, the progress of the reaction
was followed by observation of the variation of total pressure with time. In
the present program, it has been possible to determine directly the amount of
nitromethane remaining in the partial Ty reacted samples. This procedure allows

Page 1
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of Nitromethane, A (cont.)

interpretation of the results to be independent of any postulates concerning
the number of moles of product resulting from the decomposition of each -iole of
nitromethane; thus it allows direct determination of the order of the decomposi-
tion ýrith respect to nitromethane concentration. Identification and determina-
tion of the relative amounts of products of the decomposition by mass-spectrom-
eter analysis will give more direct evidence for the actual mechanism. During
this report period, the main objectives have been to ascertain the order of the
reaction with respect to nitromethane at a teaperature of 3550 C and at pressures
up to 365 psia, and to determine the principal intermediate and final decomposi-
tion products.

B. OP01H OF TIM RE-ACTION

1. Frequently, in kinetic studies of complex reactions, the
concentration of the reacting compound is determined intermittently or con-
tinuously during the course of each experiment. In this way, the rate of the
reaction at zero time can be obtained by extrapolation, for each set of initial
conditions. In this work, because of' difficulties imposed by the high pressures,
the alternative was chosen of studying the amount of decomposition in a
constant time interval as a function of initial pressure. This techMicue
allows the use of small samples of nitrometlhne, sealed into glass ampoules,
inasiuch as each sample point is the result of a separate experiment.

2. Wfeighed amounts of nitromethane were sealed into Pyrex amn-
poules of 2 to 3 ml volume, immersed in a salt-bath at a controlled tempera-
ture for constant times, and quenched rapidly to room temperature. The
ampoules were then broken, and the contents analyzed for remaining nitro.iethane.
The initial pressure was calculated from the loading density of the ampoules,
assuming that the perfect gas ly holds at the temperatures involved. 2esid-
ual nitromethane was analyzed by means of a polaro.raph as described in
Reference 1. After separation of the nitromethane from the more volatile
reaction products, it was diluted quantitatively with 0.O5M sulfuric acid
and the polarogram of the resulting soluticn was determined. A representative
polarogTaphic wave for nitromethane is shown in Figure 1; the height of the
diffusion current wave thus obtained is, in the concentration range used for
analysis, proportional to the concentration of nitromethane. Figure 2 is the
calibration curve for the analyses, prepared from the anal-ses of saiaples
containing known amounts of nitromethane.

3, For constant temperature and reaction time, the inte,-rated
rate equations for order 1, 3/2, and 2 with respect to nitromethane reduce
to the following:

C
First order: log8 a =Z

0

Page 2

CONFIDENTIAL



CONFIDENTIAL

TI Kinetic Study of the Thermal Decoiaiposition Report do. 668
of Nitroinethane, B (cont.)

Three-halves order: 4 A -K
3/202 C 2

0

Second order: 1 1
C CCo

where

Cl0 C = initial and final concentrations of nitromethane
Kip "5/2' "2 = constants, proportional to the rate constants

SEach of these expressions is formally independent of concentration or pres-
sure. By calculating the values of the functions at experimental points
over a range of pressures, tile approximate order of the reaction can be
determined.

4. A series of thermal decomposition tests was performed
at 35!fC for a period of 31 min and at varying initial pressures. Figure 3
gives the percent decomposition (100 x (1 - C/C0)) of nitromethane as a
function of calculated initial pressure. It is seen, despite the rather
larx-e scatter in the data, that there is a definite dependence of percent
decomposition upon initial pressure. The dependence cannot be the result
of the assumption that the nitromethane behaves as a perfect gas, because
the calculated percent decomposition is independent of this assumption.
Table I shows the calculated values of the functions defined above, etch
normalized to a mean of 100 to better show the trends. If the reaction
were truly first-order, the values of K of the table (as well as the
points of Figure 3) would show no depeinence on pressure. Below approxi-
jm.tely, 30U psia, the apparent order of the reaction is betveen 1 and
3/2, \ 1hereas above 300 psia, indications are that the order is ap 1 'roaching
2, fr'evious investigators (Reference 2) have found evidence for a first-
ordcer law at subatmospheric pressures. Their data, extrapolated to the
loier baerperature of this work, would indicate approxinately 18%, decomposi-
tion at a pressure of 6 psia, which is not inconsistent with the resul's
show n in Figure 3. Because of tils deviation from the first-order decouposi-
tion found at lai pressures, additional tests will be run to confirm the
apparent second-order character of the reaction at high pressures.

Page 3
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II Xini:etic Study of the Thermal Decoioosition Report No. 668
of Nitromethane, B (cont.)

5. The reaction appears to be ;ainly homogeneous, as shiown
by experiments with ampoules to which Pyrex rods had been added. a four-
fold increase in the surface-to-volume ratio produced only a 9% increase
in decomposition. In another case, a 34-fold increase in the surface to
voluume ratio produced a 4r increase in decomposition. The contribution
of the Pýrrex walls should therefore not be more than 2 to 31, whic *is
within the experkmental error.

C. PRODUCTS OF TI.• RA-CTION

1. A General 2lectric mass spectrometer was used in identifLy-
ijn the principal intermediate and final reaction products.

2. Tvo samples were decomposed only partially in order to
identify any intermediate reaction products which might also be final
products0 The only compound identified thus far as a reaction interiiadiate
which does not appear as a final product is nitric oxide. All other
comprounds appearing in the partly decomposed samples also appear as fLnal
products.

3. The following materials are the principal final decomnposi-
tion products of nitromethane under the conditions of high pressure euployed
in these tests: carbon dioxide, carbon mionoxide, water, nitrous oxide,
nitrogen, hydrogen cyanide, acetonitrile, and methane. A few other materials
are -resent in trace amounts, but they have not yet been identified. The
average concentrations of the principal products are ,iven in Table II.
Additional tests are being made to confirm the values.

4. A comiarison of the partially decomposed and totally
decomposed samples, as t:iven in Table XI, indicates the following trends:

a. The relative amounts of carbon dioxide and acetoni-
trile remain approximately constant as the decomposition proceeds.

b. Nitrous oxide and methane appear as final dvcomrosi-
tion Iproducts, but do not pnp-n as intermediates. It is possible, however,
that their concentration in the partially decomposed samples was below the
imnits ot (etection under the experimental conditions employed,

Pace L
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II Kinetic Study of the Thermal Decomposition Report No. 368
of Nitromethane, C (cont.)

c. The concentration of hydrogen cyanide appears to be
greater in the partially decomposed samples than in the completely decomposed
ones. This may either result from the reaction of bydrogen cyanide with
some reaction intermediates, or from its thermal decomposition.

d. The concentration of nitrogen and carbon monoxide is
greater in the totally decomposed samples than in the partially decomposed
ones0

5. Two ampoules containing only acetonitrile were heated in the
furnace for a length of time sufficient for the complete decomposition of
nitromethane. The mass spectrometric analyses indicated that acetonitrile
decomposed less than 5% under the experimental conditions employed, so that,
because of the small amount of acetonitrile in the decomposed nitromethane
samples, the contribution of decomposition products of acetonitrile may be
neglected in the consideratiozi of the nitromethane decomposition.

6. Table III lists the decomposition products found by Cottrell,
Graham, and Reid (Reference 2) for the reaction at 230 to 400 mm initial
pressure, and at temgeratures rangin. from 380 to 4100C. Only materials which
were volatile at -78 C were included by the authors. For comparison, the
results of the Aerojet work for approximately the same extent of decomposition
have been recalculated to exclude water arid are also listed in Table III.
The differences between the two sets of data are discussed below.

a. Acetonitrile and hydrogen cyanide have vapor pressures
of less than 1 mm. at -780C, so that it is not surprising that Cottrell et al.
did not detect these components in the gas phase of their product. -ve-
though they did not find these materials in measurable amounts in the liquid
phase, they occasionally detected the faint odor of hydrocyanic acid in their
products. The concentrations of hydrogen cyanide and acetonitrile would be
expected to be higher in this research. They are probably formed by a bi-
nolecular process, which would be favored by higher pressures.

b. Nitric oxide was considered by Cottrell et al. to be
the primary nitrogen-containing compound; they find that it decreases from
about 60 mole% to 45 mole% as the decomposition reaches about 40,%. In this
work it yas found that nitric oxide comprised about 20 mole% of the decomposi-
tion products in the partially decomposed samples and was absent in the
completely decomposed ones, so that qualitatively at least the results of the
two investigations are similar in this respect. In this laboratory it has
been found, however, that more than half of the available nitro:gen is in the
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of Nitromethane, C (cont.)

form of nitrogen molecules in the partially decomposed samples, and that the
increase in nitrogen .as in the completely decomposed samples corresponds to
the decrease in nitric oxide. In this sense the results are consistent on an
atom-balance basis.

c. Cottrell and co-workers found more carbon monoxide
and less carbon dioxide than is found in this work. There is as yet insuf-
ficient information to explain this difference, although again some qualitative
agreement is obta.nedo Th both cases the carbon dioxide concentration remains
virtually constant, and the carbon monoxide concentration increases as the
decomposition proceeds.

d. More data are needed to explain the large difference

in the methane concentration in the two investigations.

III. DAPROVE•MB2T OF DfliITROGN TLTROXIDE AS A ROCOKT OXIDIZZR

A. ]NTRODIUCTION

Because of its relatively high freezing point (-ll.20C), dinitro-
gen tetroxide has not received serious consideration as a rocket oxidizer
for Service use. In recent years the so-called "mixed oxides" (dinitrogen
tetroxide and nitric oxide) have become commercially available, and although
this mixture has a freezing point low enough to prevent solidification under
any normal field conditions, the vapor pressure becomes excessive at even
moderately high temperatures. In an attempt to render dinitrogen tetroxide
more valuable for wide-scale rocket application, a search is being conducted.
for additives that will laaer its freezing point without increasing the vapor
pressure. By noting the effect of a variety of functional groups on the degree
of deviation from ideality, it is hoped that it will be possible to select
one or more successful additives that will be superior to any selected by
mere random trial of many compounds. Stability and corrosivity of any selected
solutions -riJJ1 be studied before final recommendations are made.

B. APPARATUS

Apparatus normally used for the measurement of lad-teaperature
freezing points depends on some relatively gentle oscillatory motion of the
cooling liquid for thR Pstablishmnmt of nmilibriinn0  Such stirring tpnds to
fail exactly when it is most needed, that is, at the first appearance of
solids, and generally after some degree of supercooling. It is difficult to
construct an apparatus incorporating a magnetic stirrer such as is often used
in titrations or reactions requir:ig an inert atmosphere, because such
stirrers are driven from below, and in the case of a freezing-point apparatusthis area is obstructed by insulating jackets and the cooling bath, As a

torus of Alnico metal of a convenient size, together with apparatus for
magnetizing it were available to this contract, it was possible to construct

Page 6
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III Improvement of Dinitrogen Tetroxide as a Report No. 668
Rocket Oxidizer, B (cont.)

the apparatus shown in ?t4tre h. The stirrer shaft is driven by a cylindrical
Alnico magnet, at present unprotected. It is planned to coat this magnet with
Teflon, thereby rendering the entire stirrer unit corrosion-resistant to
everything except HF. The major advantage of the stirrer is the absence of
a rotating seal, which permits its use with air- evnd water-sensitive systems.
Although the stirrer has on occasion been operated at speeds in excess of
l000 rpm, thorough equilibrium is noted at considerably lower speeds. The
apparatus was first used to locate the eutectic of the system nitromethane
and dinitrogen tetroxide. The higher-temperature portion of the curve was
reported in Reference 3. It mas found that the freezing temperatures observed
w•ith the original equipment were consistent with those obtained by the above-
described apparatus at temperatures above -35CC. Belcw this point the better
equilibrium obtained with the high-speed stirrer shifts the former curve
totard somewhat higher temperatures. The complete corrected curve is shown
as Figure 5.

C. EXPERILI)MITAL L.VALUATION OF FREEING POINT ADDITIVES

1. Reference 3 presented the freezing-point diagrams for
several alkoxy compounds in dinitrogen tetroxide. These copipounds are inter-
esting not primarilv for direct application as freezing-point depressants
for dinitrogen tetroxide, but because of their rather large neg;ative deviation
from ideality. It is hoped that by studying a sufficient nuamoer of such
series, it will be possible to select a compound for actual service use that
.might not have been obvious beforehand. In addition, the con':lusions drawn
from this study will perhaps make it possible to synthesize a compound with
the desired properties, if one is not immediately available.

2. Three additional alkoxy compounds were invcsti-jated during
this report period. The compounds were diethyl carbonate, C H1 r0- -0 c2 H

0
diethyl oxalate, C2H 0-C-C-0C2H5; and diethyl Cellosolve, C2H5 OH 20CH021 HC .

Freezing-point diagrams for these compounds with dinitrogen tetroxide are
presented as Figures 6, 7, and 8. All exhibit negative deviation, the degree
of w•hich is indicated in Table IV.

3. Nitromethane in 30 vrt% concentration reduces the freezing
point of dinitrogen tetroxide to -35 0, without an adverse affect upon the
ignition qualities of the oxidizer with hypereolic fuels (Referencp b),
However, a concentration of h8% is necessary to reduce tha freezing point to
-550C. It was hoped that the polynitromethanes wou.ld [ive larger negative
deviations from ideality than nitronmethane and allov a satisfactory reduction
in freezing point wish a smaller concentration of additive. However, the

Page 7
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HII Improvement of DinitD'coen Tetroxide as a Report No. 668
Rocket Oxidizer, C (cont.)

results obtained with the two compounds tested, tetranitromethiane and
trinitromethane, are disappointing in that both give positive deviations from
ideality, and accordingly a very large weight percent of additive would be
necessary to depress the freezing point to even miniiauwa rquire..Ints. The
diagrams for these systems are shoirn in Figures 9 and 1(0.

4. In order not to overlook any possibility of being able to
depress the freezing pcint of dinitrogen tetroxide b,; the addition of a
common oxidizer, the use of concentrated hydrogs-en pcroxide was considered.
A specially prepared sample of hydrogen peroxide, analmsin hijher than 983,
was slowly added dropwise to dinitrogen tetroxide at 0 C. As each drop
touched the surface a vigorous reaction occurred, with the evolution of a
considerable quantity of gas. It is not yet known whether the gassing is
caused by loss of oxygen from the peroxide due to a high heat of solution,
or whether peroxynitric acid (hI1 Oh), a possible reaction prodtuct, is decompos-
ing under these conditions. By distilling dinitroren tetroxide onto a cooled
sample of hydrogen peroxide under vacuum, it should be possible to determine
vrhetiher or not a stable mixture can be prepared. RI the wiater and dilitrogen
tetroxide system, the region of two phases extends frora 18 to 87 nole' N4 0
at 20 C; hence, it is possible that, even if a stable solution with hydrogen
peroxide asn be obtained, limited miscibility might prevent a useful depression
of the freezing point.

D., THELAAL STABILITY OF LgCi-FRIEZIN G DDlITROG1N T-ThOXiDZ SOLUTIONS

1. Once an additive has been selected for consideration as a
freezing-point depressant for dinitrogen tetroxide on the basis of its
degree of lowering and apparent stability, it will be necessary to prove
conclusively that the mixture is not only safe to handle, but also that no
slow reactions are occurring which miL-t 7%lter the original )ro1 -erties of the
solution. The exact method used to determine this st9ab1Tity z_1l depend to a
large extent upon the mixture in question. A very sim-qple test can be used,
hcwever, for establishing the relative hazard in handling various solutionn
in the laboratoiy. This qualitative test involves the sealing of a small
quantity of the test solution wfithin a sealed borb equipped -rith a rapture
disk, and heating the bomb until eaxplosion occurs. The temperature of
autodecomposition can then be compared with the .kno-,n stalbili..ty of other
solutions in the same apparatus.

2. Selected soluLions of some of the additivce evaluated as
freezing-point depressants -•ere sealed wiý.hin a small bomb and heated at the
rate of 100 F/min. Results sho~m in Table V indicate that solutions of
trioxane and diethyl Cellosolve in dinitrogen tetroxide shaould be h~andled with
extreme caution and in lim5ited muantities.

Page 8
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IV. RMEEARCH ON THE PRMP.P,.TION OF N&I ROCK.-ýT PROP LIJiITS

A. INTRODUCTION

Inasmuch as it is realized that the ;iere alteration of existing
propellants is not always the solution to producing superior fuels and oxi-
dizers suitable for use in rocket maotors, work under this contract includes
a program with the purpose of synthesizing new compounds possessing as many
desirable properties as possible in one material. At present, interest is
centered about the possible synthesis of N-amnnoethylenimine because this
hydrazine derivative is estimated to have a specific iralmlse equal to or
greater than hydrazine itself (chiefly because of the strain of the three.-
membered ring) and because early experiments indicated that the compound might
have a freezing point considerably lcwer than hydrazine.

B. LETHODS OF PR;.PAHA:TIO1! OF N-Ai MIOETHYLT-II'. iI'T

1. In analoa, to the preparation of ethyleni:i-ne, a convenient
possible synthesis of N-azinoethylenimine is indicated by the follouring equa-
tions!:

C H2-CH,-4 ILSOh 4
N2 H 4 HOH2CqHNTH, 2 -0 3SOCH2CH2NH 2 +H 0H 2NI\ 2  2 2 2 -H2 H2 0

:2 NaOHI
CH

2 \ N14.2 + Na2So4 + H20

a. The reaction of hydrazine and ethylene oxide has been
previously described (Reference 3); it affords a 51% yield oZ ethanolhydrazine.
Recent observations im exoerimonts with this compound indicate that on pro-
longed heating (5 to 6 hr) at or near its boiling point slight decomposition
occurs, and thus yields are reduced if distillation of a large quantity of the
material is atter.pted.

b. The esterification d.,f ethanolhydrazine was carried out
by the method of Leighton (Reference 5). Stoichiometric amounts of ethanol-
hydrazine and sulfuric agid i.ere separately dilated with one-half their weight
orf - tnr and imixed at 0 C. The resulting colorless solution was heate, slo..y

in an c-4 bath at 5 mw pressure. The dehydration was interrunpted periodicaljy
and a portion of the reaction mixture removed. At 600C (teinýerature of the
idxture) the solution was still colorless and solidified to a white cxyStalline
solid on cool)ig to room VSmperature. However, subsequent treatment of this
solid with aqueous soldium hydroxide failed to yield a produci6, and it was

Pa.-.e 9
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1V ltesearcoh on the Pre~p&~a--tioii of Nil R.ocket Report Ulo- 668
Pr~ope-ilan~ts, B (cont.,)

consequently considered that the isolated solid was ethanolhydrazinixm' sul-fate,
H2 CH2 NE H2 ) (ýHO ) . At I1100 the solution was decidedly ye~lowy, and

set to a glaso 'at room telnperature. Partial crystallization occurred after
three days at 0 0 G, but the process was extremely slow, and isolation of the
crystallized from. the uncrystallized portion was not accomplished. Further
attempts were rnýade to crystallize th,- material- by reducing its viscosity;
se~veral solvents (water, ethanol, methanol) were employed, but crystallization
did not, occur., At 1600C" the solution was orange, and set to a glass which did
not crystallize after tyro weeks at 00 C. Further heating rosulted in a violent
exotherrmic reaction At about l7?0o0 The termperature suddenly rcse to 6C-
and the mass blackened and becamte cokelike in appearance. That oxidation
(probably of the hydrazine function) rather than charring occurred is indicated
by the fact that the reaction products were w~atcr-solu~ble, and the odor of
sulfur dioxide was easily discernible.

C, The removal of the elements of sulfIlaric acid ftrom the
ester Yras attem~pted by a flas~h distillation of the ester wJit~h hot aqueous
sodium hydroxide, according to the directions of Reeves (References 6 land 7).
The ester was dissolved in the calculated amount of cold 14h*ý sodium hydroxide.,
and added dropws to a well-stirred 14% solution of boiling sodium hydroxide.
The distillate was col-lectled at -50C. and the product salted out by ad~dition

of oli soiumhydoxie. he 1600 gortion (orange glass) gave about 100% of
the expected amount ýof oil. The 1,10 portion (yellow glass, palatially
crystalline) gave, on this occasion, about 85%. However, in subsequent ex-
perimuents it was not found possible to reproduce these results; in six
experiments the blest yield was only about 10%ý. The crude oil was alternately
dried over sodium hydroxide and fraot-ionally distilled fron solid sodium
hydroxide, The product obtained had a boiling range, of 5[l-8 0C at 1,02 mm.

d. Variations of this method for the dehydration of
ethanolhydrazine were tri~ed in an attempt to increase the yield- of product.

(1) Wh~en the ethanolhydrazine and sulfuric acid
mixture was heated rapidly over a free flame 'to 1100, and the. aixLure muain-
tained for 30 min at this temperature, only 70% of the reaction -water was
recovered, -but the reoulting yellowf glass ,,ave a 35% yield of crude product

in te susequet flash distillation. This sug-est.5 that the formation of an
ether at lower temperatures reduced the yield of desired~ product in the
experiments wherein slow- heating was employed:

Adry-ice trap placed between the system and pramp had collected 82% of th
~calculatod water of react ion by the tizne this temperature b-ad b~een reached,

Tihe yield reported here. is based on the wreight of crudue (wet) product.

Page 10

CONF1IDENTIAL



CONFIDENT!AL

IV Research on the Preparation of Newa Rocket Report No. 668
Propellants, B (cont.)

HOCH2 CHj2HNH 2  H12 04-)% 3 SOCH2 0H .H2NH 2 + H2 C

HOOCH 2NBH 2

HNNHCH 2CH200CH2NRH 2 + HS04

(2) Further experiments with the ethanolhydrazine and
sulfuric acid mixture, in which the time of reaction, temperature, and mode of
addition were varied produced no increase in the yield of product.

(3) Variations .in the conditions employed in the
subsequent flash distillation of the ester produced little or no change in the
yield of desired product. The variables considered were the amount and concen-
tration of sodium hydroxide in the boiler, the amount of sodium hydroxide used
in salting out the product, and the temperature employed in salting out. If
a mixture of the ester and the calculated amount of a 14' sodium hydroxide
solution were simply heated without emnploying a flash distillation, no product
was obtained from the aqueous distillate.

2,, In order to avoid undesirable oxidation at high temperatures,
phosphoric acid was substituted for sulfuric acid as the esterifyLng agent
(Reference 8). At 160 to 180eC the reaction mixture became dark brown and
completely opaque. At 1300C a yellow glass was obtained; a flash distillation
of this material afforded no product. A similar experiuent 'ith ethanolamine
at 160 to 1800C failed to give a crystalline ester. Apparently this reaction
represents a true catalytic dehydration without intermediate ester formation.
Inasmuch as ethylenimine is known to polymerize readily unader acidic conditions,
it is presumed that any N-aminoethylenimine formed would polymerize readily
in the acidic medium employed.

3. An attempt was made to prepare N-aminoetlylenimine by the
dehydrohalogenation of 2-bromoethylhydrazine. The method has been described
by Gabriel (References 9 and l0). A chloroform solution of phosphorus tribro-
ride was added dropwise at 0 C to a well-stirred chloroform solution of
ethanolhydrazine (Reference 11). A yellow-white precipitate formed during the
addition. The mixture was heated at 800C for one hour to remove volatile
materials, and the residue treated with ice water. The solution was filtered
to remove a small amount of insoluble material, and the filtraeo made basic
with sodium hydroxide, The solution was then flash-distilled as described
above, but no product could be salted out of the distillate.

*An example is the dropnise addition of ethanolhydrazine to hot (135 ) sulfuric

acid. A stream of nitrogen in this experiment peridtted a relatively high
reaction temperature without noticeable oxidation.

Page 11
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4~. Yields of 50 can now be o~btained ov a simple ..aodification
of the original esterification method. In this newr technique, ;old tuidiJuted
ethanoltkrdrazine is slowly added to excess concentrated sulfuiric acid main-
tained at 12000C. On cooling and slowily adding small portions! of ether, a
crystalline product may be obtained. The sulfuric. acid Solut~ion of the ester,
is then added t~o the boiling sodium hydroxide solution, whd-,-e at the same timte
additional oodiurn hydrojxide solution is added from another dropping funnel.
The product is salted out of the distillate a-q before.

5. The catalyjti~c dehydration of ethaolkhydrazine over activated
alwuina wias considered to be a possible simple and inexpensive nieilhod for the-
production of N -amino sthkylenimine,. An apparatus was constructed whereby
ethanoihydr.-zine vapor3 passed through a heated tube containing activated
alumina and the products of reaction were collected~ at -800 C. Reduced pressure
promoted rapid passa-e of the -iapor, and a stream of niitro-en i,-ias effective
bo~th as a carrier and a dilaent. The conditions of rapid pass,:ag!'e and low
conoeritration of' vapor arf- favorable to the isolation of 1mw-noleculai'-.weight
materials, which are thereby removed 'before further reaction (such as poly-
nzerization) can o~ccur, Furnace terinperatures ranged from 3W0 to 5OC0 0C$ and
the reaction times varied according to the rate of nitrogen flo.-r. iý-Xperiments
of Lhis nature are still in pro,-ress, and conclusive resul-ts have not yet
been ob~ained. However, in one experiment, in which the furnace +--mpa-labure
was 420 C, a prod-act was ob~tained having the same boiline- ran--e as that, fi-'Ta
the ethianol!hydrazine and sulf1uric acid experiments, The fc~loviinE comfpounda
are also possib~le products in attempti-ng to prepare N-aiz oetliylenUinine Vy
thi's meho: G = OBHI4H ,vinyl lkrdrazine; CHJCH =NNH2, acet~al hydrazon~e;
and 0;H2 CH 2NISIH, -ethylene h4drazine.

C.* PROPiRLKIi- OF N -AiJIWOLThYLzN IIlE

1. The product of the ethanolhydrazine and sulfuric acid
eyperiments is a colorless mobile liquid which tends to polymer'ize slirditly
on he~rg Its boiling point at atmospheric pressure ývras found to be about
1.01o. A.~. cooling carve displays no break in the region 25~ to. -1500C. At

800the liquid was mobile, by -90 0C it had set to a glass, and in the
range -130 to -1.40 0C it was a transluceit . (noncrystalline) solid. The pro~duct
,was t~itrated with potassiuiii iodate, and conswued 80 of the theoretical
amount if a 4-electrou change is assumed. A mass spectro:ýram of the material,
in Conjunction wvith spectrograms of pure ethylenimine and un,-diaethylhydra-

zin, av eidence of the pre~sence of the ethylenimine riii,, xt also
indicated the presence of a di~mer, probably (CH ) 21IiUCH 2C N! 'H infrared
spectra of these same materials lead to inconcl~save resutU3, pr~bably- because
of fimpurities (such as the dimer) in the desired produc~t The material tends
to discolor (yellow) at room temperature in air - a phenomtenon common to
alkyl hydra.2,iles and probably duo, to oxidation,.

*"some polymierization occurred at this tenmperature, and the boiling; point is

therefore uncertain.
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Propellants, B (cont.)

2. Work is now in progress to determine the stability of the
material, and to characterize it by the preparation of one or .:Ore suitable
derivatives (ap the p-dimethylaminobenzaldehyde hydrazone, Zor examDle). The
heat of combustion will be determined for evaluation of the compound as a
potential rocket fuel.

V. STUDY OF HYDRAZE FRELZING POINT DfUPB.SANTS

As no completely satisfactory additive, or group of addiiives, has yet
been found for depressing the freezing point of hydrazine wiithout altering
desirable qualities of this fuel, the evaluation of new additives is of
continuing interest under this contract. Because ethylenin.ne is now becoming
commercially available, it potentially inexpensive, and should possess a
specific impulse not =ich lcwer than hydrazine, the complete freezing point
vs composition diagram. was determined for solutions of this mnaterial in
hydirazine.

1. The freezing-point cdagram is shown as Figure 11. The fact
that a solution freezing at -54' C (-65'F) must contain approxtLnately 87 wi"%
ethylenimine rules out this compound as a practical depressant for hydrazine,
although the low freezing point of pare ethylenimine makes it worthy of
consideration on its ownai merits.

2. The ethylenimine was prepared by the method of Leighton
and Reeves (References 5 and 6). It had a boiling range of 55.0 to 55.5%
(750 ram), and a freezing point of -69.0 0 C. The solutiun of ethylenimine in
hydrazine darkened slightly after standing for two days.

VI. PERFORINCE EVALUATION OF TIE 1hHF-D"1 IIfDROCARBON :1DXTURI WITH
LI'QUID OX•" Gi

A. INTRODUCTION

During this report period a complete mixture-ratio survey was
madle of the propellant aob~ination of "HF-D1' hyddrocarbon nixture and liquid
oxygen. A maximum specific impulse of 227 lb-sec/lb at a mixture ratio of
2.16 was obtained at a nominal chamber pressure of 300 psia in a lOG-lb-
thrust rocket motor. Although this fuel is of interest primarily because of
its bypergolic activity with nitric acid, it was knonm that another contractor
(Reaction Motors, Inc.) was evaluating the material with •aEfA; therefore a
minimum program was conducted under UUl4 contiract iL order to determine how
much greater specific impulse was realizable when liquid o-ygen was used as
the oxidizer.
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VI Performance Evaluaticr. of the "FY-D" flydrocarbon Report No. 668
*iixture with Liqaid Oxygen (cont.)

B. TEST UISTALlATION

The 100-lb-thrust rocket engine previously employed for the
svaluation of propellants on this contract was used for the six tests found
necessary to define the mixture ratio versus specific impulse curve. This
engine is shown in Figure 12, anC. was described in References 12 and 13.
The injector consisted of ten pairs of one-on-one impinging streams, and a
double-coil turbulator was used approximately 2 in. downstream from the
injector to ensure complete mixing.

C. PROPERTIES OF TUE "ff.-F-D" hYDROCARWN sffXTURE

The "HF-D" hydrocarbon mixture is a material produced by the
Standard Oil Company of Indiana. Its important physical properties are
shown below:

Carbon, wt% 89.6

Hydrogen, wt% 8.9

Heat of combustion, Btuilb 16,200

Bromine No. 112.9

Laleic anhydride value 20.8

Freezing Point, OF (-700

Specific Gravity
+70O0F 0.935

+32 0.950
-40 0.990.

Viscosity, 8s
+70?F 1.4895
+32 2.1923
-4o 1o.5373

ASTM Distillation, % distilled
IBP 2300 F llO°0

10 262 128
20 278 137
30 292 144
40 306 152
50 320 160
6o 332 167
70 344 173
80 356 180
90 388 198

FBP 424 218
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VI Performance EValuation of the "1iF-D" trdrccarbon Report No. 668
Mixture with Liquid Oxygen (cont.)

D. ENGINE TEST RESULTS

1. Six tests were made over a mixture ratio ranse of 1.03 to
3.43. A summary of the data, with the performance parameters given both
uncorrected and corrected for heat loss to the coolant, is given in Table VI.
Plots of specific impulse, characteristic velocity, and thrust coefficient
versus mixture ratio are shown in Figure 13.

2. The runs were characterized by luminous, relatively lengthy,
exhaust jets; intermittent streaks indicated the presence of unournt carbon.
Combustion initiation, accomplished by burning gaseous hyda'onCn and oxygen
in the chamber before the introduction of the main propell;nts, was smooth;
but there was always some degree of afterburning on simultaneous termination
of fuel and oxidizer flow. The chamber walls, turbulator, and nozzle were
covered with carbon on each test.

3e It is concluded that unless "HF-D" shows exceedingly good
IVypergolic properties, its use as a rocket fuel is unjustified, as the per-
formance with liquid oxygen compares unfavorably with that of JP-3 or JP-h.

VII. IG'ITION DELAY STUDY OF TRIfTHYL TRITHIOPHOSPHITE 4IITH NITRIC ACID

A. Contract Amendment No. 7 authorizes a portion of a study with
the purpose of correlating ignition delays as measured by various laboratory
apparatus with tae delays actually observed in rocket motors. Seve-ral
contractors have been furnished identical samples of triethyl trithiophosphite,
n-heptane. and specially purified nitric acid, the composition of which is to
be adjusted to 98.5% 11O0, 1.0% H^O, and 0.5" NO.. Ignition delays will be
measured at 75, 32, and 40 F for each of the foilowing solutions:

Triethyl trithiophosphite, Vol% n-Heptane, Vol%

90 10
80 20
70 30
60 4o

B. As a special report will be issued early in 1953 covering the
entiro progTam, no details of the work will be presented at this timae, in
general, the equipment consists of a small thrust chamber eqaipped with a
photoelectric cell and pressure pickup, both having output signals recorded
on an osiIllograph. Br previously determining the time from activation of the
propellant valves to the time of impingement of the fuel and oxidizer streams,
it is possibQ,_ to determine ignition delay, both by rate of increase of
chamber pressure and by the occurrence of a steady light-producing reaction.

Page 15

CONFIDENTIAL



CONFIDENTIAL

Report 1t. 668

1. T. De Vries and R. U. Ivett1 ind. Eng. Chh_. _Anal. Ed. 13, 339 (15Zl)

2. T. L. Cottrell, T. E. Graham, T. J. Reid, Trans. Faraday Soc.,,h7, 5&-
90 (1941)..

3. Aerojet Report No. 820-30, 16 September 1952 (Confidential).

h. Schafert, "Lowering the Freezing Point of U-Stoff," Special Report L,
HLalstead Exploituing Centre, Bios/Gp.2./NEC No. 10319, ATI No. 51006.

5. P. A. Leighton, et al., J. Am. Chem. Soc., 69, 1540 (1947).

6. W. A. Reeves, et al., J._Am. Chem. Soc., 73, 3522 (1951).

7. C. F. H. Allen, et al., Org. Syntheses, 30, John Wiley and Scns,
New York, N. Y., pp. 38-40 (1950).

8. W. M. Dehn, and K. E. Jackson, J. Am. Chem. Soc., 5.y h. .. 5 3 < )

9. S. Gabriel, Ber., 21, 1o49 (1888).

10. S. Gabriel, Ber., 28, 2929 (1895).

11. K. Ward, Jr., J. Am. Chem. Soc., 57, 914 (1.935).

12. Aerojet Report No. U48, 2 Jansuary 1951 (Confidential).

13. Aerojet Report No. 820-27, 24 March 1952 (Confideoti•i•'.

CONFIDENTIAL



CONFIDENTIAL

Report t.

TA LE I

TZRMMI D o0UP0SXTION OF NITRiiETEM

ASSUMED RATE CONSTANTS

Po percent X, K3/2 "2
-s__ Jecomposed (Ist order) (3/2th order) (2nd order'

22.0 76 115 167

24.6 87 106 123

1 62 21.8 1010 16 129

177 25.8 92 101 107

168 30.7 112 122 128

2314 26.1 93 90 83

247 .31.2 115 103 98

26.3 24.4 86 77 67

288 18.8 104 91 77

298 2-.1. 106 91 75

321 3".1.0 109 91 73

$66 331 ,.0 123 97 74

'e-~ 0 .,. 1 ,; tiniz, 31 ain
442 'tJ.nL sure oP nitromethane

I. ;-"-. ¾ , *; \ictiora:i of the percent nitromethane decomposed,
r .,•port 'noa. to the assumed rate constants

Table I
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"PABLE II:

flECOMPOSITLC& PPfSMLŽ1-b 'N0 ~ J' t

AmoUXwIJ .resent a,
eoi" a,221t -jc - -- -- a

Ace- Ale ad5.4

Y%~Xoxd ~22,6 22.4

'-ri~ 'f--2.6

Hi I xide 1.

donox.'.e

30().0
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TAELE III

CO-dPARISCN OF DECOMPOSITION PRODUCTS OF

NITROMETHANE (excluding water)

Amount present, mole%

Product Cotei ta.Aeoe eeaR

Acetonitrile 7.4

Wdrogen Cyanide - 16.6

Carbon Dioxide 7

Carbon Monoxide 28 Ii

Nitric Oxide 46 19.5

Nitrogen - 13,6

Methane 18

Table III
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TABLE IV

APPRARMT SOLVATION NLiiBRS OF ADDITIVES TO DINITHOiC-IN

TETROXIDE AS DETERTMNED FROM FREZfNG-POINT LO'fRI•IG

Freezing Point 0C Apparent
Additive Jt% 11e% Observed Ideal Solvation No.

Nitromethane 23 30 -26,. -24.5 0.3
51 k -59.0 -44.o 0.3

Diethyl Carbnhatc 35 W* -39.0 -24.5 1.5
4~3 37-54.0 -28.0 1.3

Diethyl Oxalate 38 28* -38.0 -23.5 1,.7

Diethyl Cellosolve 35 30 -29.4 -24.5 0.8
53 47* -58.5 -34.o 0.8

Tetranitromethane 46 30* -23.2 -24.5 (Positive Deviation)
69 52 -33.0 -37.5 (Positive Deviation)

Trinitromethane 33 23 -18.2 -21.0 (Positive Deviation)

*Eutectic Mixture

Table IV
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TARLE V

THERML STABDIITY OF DINITROMN T•TROXIDL SOLUT£INS

Additive Wt% Additive Vol Sample, mlJ E.oasion Temp, OF

0-H2 (00H3) 2
(Methylal) 12.4 1 546

1 600
1 548
1 54.5
1 550

27.7 0.5 No explosion to 577
0.75 570
0.75 585
1 541
1 556

Ci 5NO2

(Nitromethane) £0.0 1 433
1 430

(CH2o)3

(Trioxane) 25.0 1 225
1 221

Et 2CO3

(Diethyl carbonate) 25.0 1 552
1 559

EtGCH 2 CH2OEt

(Diethyl Cellosolve) 25.0 1 187
1 176
I 140
1 158

Table V
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PO.A.ROGRAP;HC CA-L'IBR.kTION CURVE

4001e• ~FOR METROMEIATDtE AM[LYSIS
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PERFORMANCG VERSUS MIXTURE RATIO

"HF-DK IYDROCARBON - LIQUI') OXYGEN

Data Corrected For Heat Transfer
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